Summary. Primiparous crossbred does were remated on Day 1 (n = 15) or 14 (n = 25) post partum and killed on Day 10 post coitum to assess their fertility. Blood samples were taken during the pre-(0\p=n-\12 h post coitum) and post-(1\p=n-\10 days post coitum) ovulatory periods and plasma was assayed for luteinizing hormone (LH), prolactin, oestradiol-17\g=b\ and progesterone. Ovulation response was significantly greater (P < 0\m=.\01) and ovulation rate significantly lower (P < 0\m=.\001) in does mated on Day 1 than in those mated on Day 14 post partum. Does failing to ovulate on Day 14 post partum exhibited no preovulatory LH surge and had significantly lower (P < 0\m=.\05) premating concentrations of oestradiol-17\g=b\ and prolactin than those ovulating at this time. No significant differences in hormone concentrations were observed during the preovulatory period between does ovulating on Days 1 and 14 post partum, with the exception of oestradiol-17\g=b\. Concentrations of this hormone were significantly lower (P < 0\m=.\01) in does mated on Day 1, at 1 h post coitum. We conclude that (i) fertility was affected by the remating interval after parturition, (ii) ovulation failure was associated with an absence of the preovulatory LH surge and a reduction in premating concentrations of oestradiol-17\g=b\ and prolactin and (iii) the lower ovulation rate in early lactation was apparently caused by a reduction in ovarian competence to respond to the gonadotrophic stimulus.
Introduction
Rabbits are able to establish pregnancy concurrent with lactation. Some authors have shown that fertility is lower in lactating does remated soon after parturition than in those remated later in lactation (ovulation response, Foxcroft & Hasnain, 1973a; ovulation rate, Torres et ai, 1977 ; ferti¬ lization rate, Torres et ai, 1977;  preimplantation embryo survival, Foxcroft & Hasnain, 1973b; pregnancy rate, Prud'hon et ai, 1969 ; litter size at term, Prud'hon etai, 1969; Surdeau et ai, 1979) .
Others have reported no such reduction in these components of fertility (Prud'hon & Bel, 1968; Harned & Casida, 1969; Prud'hon et ai, 1969; Foxcroft & Hasnain, 1973a, b; Torres et ai, 1977;  Partridge et ai, 1984 Little is understood about the endocrine events underlying the reproductive physiology of lac¬ tating rabbits. Most evidence is of an indirect nature; changes in ovarian follicular development, regression of corpora albicantia and development of corpora lutea following ovulation have been described (Harned & Casida, 1969; Breed & Hilliard, 1970; Foxcroft & Hasnain, 1973a; Torres et al., 1977) . Changes in ovarian steroid secretion and pituitary content of luteinizing hormone (LH) during lactation have also been reported (Breed & Hilliard, 1970; Foxcroft, 1972) . This infor¬ mation is, however, of limited value for identifying possible endocrine events which may have been responsible for causing the apparent variability in fertility referred to above.
The present experiment aimed to (i) obtain further information on the effects of reducing the remating interval after parturition on the fertility of lactating rabbits, particularly in the early post¬ partum period and (ii) monitor the endocrine events associated with the observed fertility by mea¬ suring plasma hormone concentrations. Groups of does were remated on the 1st or 14th day after parturition; the latter group served as a control treatment since fertility apparently becomes normal at this time (Prud'hon et ai, 1969 and 21°C and a cycle of 14 h light: 10 h dark was used (lights on 07:00 h GMT) (Partridge et al, 1984) . All does had unrestricted access to a supply of water and a pelleted diet based on grassmeal, weatings, soyabean meal and ground oats which contained 12 MJ digestible energy/kg dry matter (DM) and 154 g digestible crude protein/kg DM.
Sexual behaviour. The mating response of does was established as described by Foxcroft & Hasnain (1973a) . All does were tested for mating between 08:00 and 08:30 h. Males (of proven fertility) used for testing were individually caged and distributed evenly throughout the building occupied by the experimental does.
Fertility. Two measures of fertility were used in this experiment: (i) the occurrence of ovulation after mating and (ii) the occurrence of implantation after ovulation. Does were killed by cervical dislocation and the reproductive tracts were removed for examination. When ovulation had occurred, corpora lutea vera (Halliday, 1959) were counted to establish the ovulation rate. The numbers of antimesometrial swellings in each uterine horn were counted to establish the implantation rate. If implantation had not occurred, the uterine horns were opened and the endometrium was examined under a dissecting microscope for sites of decidual reaction.
Blood sampling. To evaluate the pattern of endocrine changes associated with aspects of fertility, blood samples (~2 ml) were taken during the pre-and postovulatory periods. Blood was collected into heparinized tubes, following marginal ear venesection without anaesthesia, while the rabbits were held by an assistant. Preliminary experiments (I. C. Lamb, unpublished observations) showed that samples could be obtained quickly by this method and without causing a stress-induced release of prolactin. In the preovulatory period, samples were taken immediately before mating (Oh), every hour for lOh, and at 12 h after mating. All samples were assayed for LH, oestradiol-17ß and progesterone. Prolactin was assayed only in the samples taken at 0, 6, and 12 h. In the postovulatory period, samples were taken 1, 1-5, 2, 3,4, 5, 6, 7, 8, 9 , and 10 days after mating and all were assayed for all 4 hormones. Blood from all does was monitored for packed cell volume. No animal became anaemic during the experiment.
Hormone assays. Plasma concentrations of LH and prolactin were quantified using specific, homologous, doubleantibody radioimmunoassays based on kits (LH, Osteen& Mills, 1979; Mills et al, 1981 Mills et al, , 1983 Patritti-Labordee; prolactin, Fuchs et al, 1981; Muccioli et al, 1983) . The intra-and interassay coefficients of variation (C.V.) for the LH assay were 5-9 and 7-1%, respectively, and for the prolactin assay 51 and 8-3%, respectively. The assay sensitivity, expressed as the value of 2 standard deviations below maximum binding (zero standard), was 01 ng LH/ml and 1 ng prolactin/ml.
Plasma concentrations of progesterone and oestradiol-17ß were quantified by radioimmunoassays described by Adam & Atkinson (1984) and Varley el al (1981) , respectively. The intra-and interassay C.V. were 6 and 13%, respectively, for the progesterone assay; and 13 and 9%, respectively, for the oestradiol-17ß assay. The assay sensitivity was 0-3 ng progesterone/ml and 3 pg oestradiol-17ß/ml. Statistical analysis. The effect of treatment on fertility was determined using 2 tests and Student's t tests. The hormonal data were analysed using analysis of variance followed by Duncan's New Multiple Range test.
Results

Fertility
The ovulation response and ovulation rate were significantly greater (P < 001) and lower (P < 0001), respectively, in does mated on Day 1 than on Day 14 post partum (Table 1) . There were no other significant effects of the remating interval after parturition on fertility. 
Preovulatory period
There was no effect of the remating interval after parturition on the temporal changes of the 4 hormones during the preovulatory period (Fig. 1) , except that, at 1 h post coitum, the mean oestradiol-17ß concentration was significantly (P < 001) greater in does ovulating on Day 14 (20-4 + 1-4 pg/ml) than on Day 1 (15-4 + 1 -4 pg/ml) post partum.
Does which failed to mate on Day 14 post partum had a significantly (P < 0025) lower pre¬ mating mean concentration of oestradiol-17ß than those ovulating at this time. There were no other significant differences in hormone concentrations between these two groups (Table 2) . Does which did not ovulate after mating on Day 14 post partum showed no preovulatory LH surge ( Fig. lb) and had significantly lower (P < 005) premating mean concentrations of prolactin and oestradiol-17ß than does which did ovulate at this time. There were no other significant differences between these two groups in hormone concentrations before mating ( Fig. lb for significance levels).
Postovulatory period
Within each treatment group (Days 1 and 14), there were no significant differences in the plasma concentrations of LH, progesterone and prolactin between does that ovulated and subse¬ quently did or did not have implantations. The data for these hormones were therefore combined within these respective groups (Fig. 2a and b , (i), (ii) and (iii)). Plasma oestradiol-17ß concen¬ trations are presented separately within each treatment group for does that ovulated and subse¬ quently had implants, or did not have implants (Fig. 2a and b, (iv) ) because mean oestradiol-17ß 
Discussion
The present experiment confirms previous findings (Partridge et ai, 1984; Lamb et al, 1988 ) that the fertility of rabbits is high during lactation, particularly in the period shortly after parturition. Of the fertility parameters recorded, only ovulation response and ovulation rate were significantly affected by the remating interval after parturition.
The reduction in the ovulation response of does after mating on Day 14 post partum contrasts sharply with a previous report which shows doe ovulation response to be higher than, or similar to, values observed in does mated in the early post-partum period (Foxcroft & Hasnain, 1973a) . This finding may relate to the use of rabbits of a different genotype and parity between studies (Foxcroft & Hasnain, 1973a; Partridge et ai, 1984) .
Anovulation was associated with failure of the preovulatory LH surge (Harper, 1961) and significantly lower premating concentrations of oestradiol-17ß and prolactin. Oestradiol-17ß acts at the hypothalamic (Sawyer & Markee, 1959) and pituitary (Sawyer & Markee, 1959; Dufy-Barbe et ai, 1975) level in rabbits to facilitate ovulation; reduced concentrations of this steroid before mating may have rendered either or both sites refractory to the coital stimulus. The ovarian follicle is the main source of oestradiol-17ß, secretion of which is LH-dependent (Mills et ai, 1971) . Since ovarian function is not directly affected by lactation or suckling (Breed & Hilliard, 1970) , it is likely that a reduction in LH was responsible for the reduction in oestradiol-17ß before mating. To corroborate such a suggestion, there was some evidence of a lower premating basal concentration of LH in does failing to ovulate, but this just failed to reach significance (see Table 2 ).
Suckling normally occurs once a day in rabbits (Zarrow et ai, 1965) and the secretion of pro¬ lactin is dependent on the sucking stimulus of the litter (Fuchs et ai, 1984) . Premating concen¬ trations of prolactin in does ovulating on Day 14 post partum were similar to those found by Fuchs et al. (1984) following suckling, while those in does failing to ovulate were significantly lower, despite an apparent equal suckling stimulus between groups, i.e. litter size and weight (data not shown) were similar, and that all litters were observed to have fed (i.e. all had distended stomachs) before the blood sampling period. This observation may be spurious and simply reflect an in¬ herently lower secretion of prolactin in response to suckling and/or an earlier or shorter suckling period in the group of does failing to ovulate. The similarity, however, in the premating hormone concentrations between does ovulating on Days I and 14 post partum, and those failing to ovulate ¡ai (b) fi+H-**-**-*-* ö-ö^-Q^ö^o-o-fcs Time after mating (days) Fig. 2 . Changes in plasma concentrations of (i) luteinizing hormone (LH), (ii) prolactin, (iii) progesterone and (iv) oestradiol-17ß during the postovulatory period in does mated on (a) Day 1 post partum, = 10 (·) and 5 ( ) and (b) Day 14 post partum, = 10 (·), 8 (Harned & Casida, 1969; Foxcroft & Hasnain, 1973a) . In other species, the release of prolactin during lactation and suckling is accompanied by a reduction in gonadotrophin secretion and ovarian activity (McNeilly, 1987) . It remains to be determined whether prolactin is involved in causing the reduction in oestradiol-17ß and ovulation in lactating rabbits.
The lower ovulation rate observed in early lactation confirms previous findings that the ovula¬ tion rate increases as the remating interval is extended post partum (Torres et ai, 1977) . The temporal changes in plasma LH, progesterone and oestradiol-17ß during the preovulatory period of does ovulating on Days 1 and 14 post partum were similar to those reported for oestrous rabbits following coitus (LH, Osteen & Mills, 1979; progesterone and oestradiol-17ß, Waterston & Mills, 1976; Kumari&Das, 1977; Wuef al, 1977) , while concentrations of prolactin were similar to those in lactating does following suckling (Fuchs et ai, 1984) . The significant reduction in oestradiol-17ß concentrations 1 h after mating in does ovulating on Day 1 post partum suggests that the reduction in ovulation rate may have resulted from reduced ovarian competence to respond to the preovula¬ tory LH surge and that this resides in the follicles which represent the only gonadal source of this steroid (Mills et ai, 1971) . Further studies are required to resolve whether this apparent reduc¬ tion in ovarian competence reflects a reduction in initial ovarian follicular development and/ or responsiveness to the LH surge at this time post partum. Either situation would probably influ¬ ence subsequent preovulatory oestradiol-17ß secretion and hence preovulatory follicular growth (Weilgosz et ai, 1980) and ovulation rate.
Preimplantation mortality was unaffected by the time of mating post partum and the concen¬ trations observed were similar to those found previously (Harned & Casida, 1969; Foxcroft & Hasnain, 1973b; Torres et ai, 1977) . The present results also confirm previous findings (Foxcroft & Hasnain, 1973b; Torres et ai, 1977) (Harper, 1966; Hodgson et ai, 1980) , oviducal fluid secretion (Mastroianni et al., 1961) , mucin synthesis (Greenwald, 1958) and uteroglobin production (Rahman et ai, 1975) . Since deci¬ dual reactions were not observed in any doe without implantation sites and the alterations in oestradiol-17ß values coincided with the time of ovum transport or entry into the uterus, and their transformation from the blastocyst to morula stage (Hafez, 1970) , these processes may have been altered by changes in oestradiol-17ß and caused the total loss of eggs or embryos before implantation.
The higher concentrations of progesterone observed during the postovulatory period in does ovulating on Day 14 post partum may have been related to the higher ovulation rate in this group. The corpus luteum represents the only source of progesterone during gestation in rabbits (Thau & Lanman, 1976) , although Polidoro & Black (1970) could not show a correlation between numbers of CL in the ovary and progesterone secretion. The animals in the present experiment were, how¬ ever, also lactating and consequently the findings of Polidoro & Black (1970) 
